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2. Methodology
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Synthetic pathways generated from acetate,  
glucose and pyruvate using ReactPRED
Acetate Outputs
Glucose Outputs
Pyruvate Outputs
Synthetic 
outputs
Feasible outputs Accepted
pathways
Discarded 
pathways
1,2-propanediol 10 4 2 2
Phenol 197 165 1 164
Benzene 0 0 0 0
Initial results showed that
running ReactPRED
synthetically from glucose,
pyruvate and acetate yielded two
thermodynamically feasible
pathways to 1,2-propanediol and
one pathway to phenol. Feasible
pathways with unknown
compounds were discarded.
1. Introduction
\
Commodity chemicals are high-value chemicals used by industries to
synthesise countless consumer products of daily use. For example, it was
estimated that the global demand for benzene in 2015 was 46 million tonnes
[1]. Many of these chemicals are mainly derived from petroleum
feedstocks. With these feedstocks depleting and global pressure to reduce
CO2 emissions, there is an urgent need to turn to sustainable bio-based
methods to produce these chemicals [2].
g
Computational software can provide insight and be used to design novel
biochemical pathways to produce commodity chemicals. The advantage
being that these tools help engineer routes and suggest enzymes capable of
catalysing these reactions [3].
g
In this study, the software ReactPRED and RetroPath 2.0 was used to
design pathways to a few bulk chemicals, including benzene, phenol and
1,2-propanediol. These chemicals were chosen due to their high demands
and current pathway knowledge.
0
10
20
30
40
50
60
70
80
90
0
10
20
30
40
50
60
1 2 3 4 5 6 7
N
um
be
r o
f C
om
po
un
ds
N
um
be
r o
f R
ea
ct
io
ns
Iterations
Retrosynthesis from benzene using  
RetroPath2.0 
Total reactions
Assigned Reaction
Total Compounds
Iteration Assigned 
reactions 
complete with 
known 
compounds
Assigned 
reactions with 
unknown 
compounds
1 1 0
2 0 2
3 17 14
4 0 3
5 0 2
6 0 2
7 0 2
Pathway 
Length
Total 
acetate 
outputs
Acetate 
feasible 
Pathways
Total 
glucose 
outputs
Glucose 
feasible 
pathways
Total 
pyruvate 
outputs
Pyruvate 
feasible 
pathways
1 60 17 903 292 177 76
2 20000 9716 1048575 313889 91584 32023
3 969769 439507 1740690 616570 931440 376633
3. Results
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4. Conclusion
• 6 pathways are presented going from acetate, pyruvate and glucose to the 
target compounds.
• Apart from the pyruvate pathway, each proposed pathway is overall 
thermodynamically feasible and contains at least one novel step. The 
glucose to benzene pathway contains 2 novel steps. 
F
Pathways ΔfG⁰
Acetate to 1,2-
propanediol (blue)
-22.305
Acetate to 1,2-
propanediol 
(orange)
-22.729
Acetate to 1,2-
propanediol (grey)
-16.425
Pyruvate to 1,2-
propanediol 
(yellow)
28.692
Glucose to phenol 
(green)
-10.147
Glucose to 
benzene (purple)
-28.747
One thermodynamically feasible pathway was retrosynthetically generated
from phenol to benzene using Retropath 2.0. No pathways were generated to
glucose, acetate or pyruvate.
Source compounds
Sink compounds
